Abstract Prognostic role of surgical resection of the primary tumor and baseline CEA among patients with synchronous stage IV colorectal cancer (CRC) remains an area of debate. The objective of this study was to determine the prognostic value of baseline CEA and surgical resection of the primary among patients with synchronous stage IV CRC in the era of modern chemotherapy and biologic therapy. The Surveillance, Epidemiology and End Results Registry was searched to identify patients with synchronous stage IV CRC diagnosed between 2004 and 2009. Colorectal-cancer-specific survival (CCS) was estimated using the Kaplan-Meier product limit method. Cox models were fitted to assess the multivariable relationship of various patient and tumor characteristics and CCS. Three hundred thirty-three thousand, three hundred ninety nine patients were identified in the SEER registry. Median CCS among patients with their primary tumor removed was 21 M vs. 7 M (primary intact) respectively (p<0.001). Median CCS among patients who had an elevated vs. non-elevated baseline CEA level was 14 M vs. 24 M respectively (p<0.0001). By multivariable analysis, patients with an elevated baseline CEA had a 56 % increased risk of death from CRC compared to those with a non-elevated CEA level (HR=1.56, 95%CI 1.47-1.65, p<0.0001). Similarly patients who underwent surgical resection of the primary tumor had a 33 % decreased risk of death from CRC compared to those who did not (HR=0.61, 95%CI 0.54-0.69, p<0.0001). In our review of this large population SEER based study, an elevated baseline CEA level and surgical resection of the primary tumor among patients with synchronous stage IV CRC appeared to impact survival outcomes. Prospective validation of these results in a surgically unresectable patient population will be required.
Introduction
In 2012, approximately 143,460 new cases of colorectal cancer (CRC) will be diagnosed in the United States with an associated 51,690 deaths attributable to this disease [1] . Approximately, 20 % of patients present with synchronous stage IV disease and 50 % of patients with early stage CRC will experience a recurrence without adjuvant therapy [2] . With the introduction of modern chemotherapy, targeted biological agents and improved palliative care there is no doubt that the survival of patients with metastatic CRC has improved with a 5-year overall survival reported to rang from 10 to 20 % [3] [4] [5] and median overall survival reported to reach 31 months among those patients who are treated with these therapies [6] .
Patients with synchronous stage IV CRC represents a unique cohort where the primary tumor is intact in the setting of metastatic disease. Surgical resection of the primary tumor in this cohort has been a matter of debate where results of retrospective studies have advocated both for [7] [8] [9] and against [10] [11] [12] surgical resection. One indication for the upfront resection of the primary is in the setting of an urgent need to abate symptoms of obstruction, perforation or intractable bleeding. A second indication would be to attain a possible cure if the primary tumor and all measurable metastatic disease are resected. Metastatectomy is restricted to a fraction of patients (<20 %) as the majority of patients with synchronous stage IV CRC have distant metastatic disease that cannot be resected at the time of presentation [13] . Hence, in this setting, resection of an asymptomatic primary tumor is controversial given the potential morbidity and also the delay of subsequent systemic chemotherapy. Interestingly, in the United States, despite no clear answer about a positive impact on overall survival it is reported that more than half of patients with synchronous metastatic disease undergo resection of their primary disease [8] .
Several studies have demonstrated baseline CEA to be both a significant prognostic factor [14] [15] [16] [17] as well as an indicator of recurrence and therapeutic effect among patients with CRC [18, 19] . Granted CEA is not elevated in approximately 15 % of all metastatic colorectal cancer patients. However most studies that have reported on the prognostic role of baseline CEA and surgical resection of the primary tumor in patients with synchronous stage IV CRC have relied on data derived from an era preceding the widespread use of biological agents. Using data derived from Surveillance, Epidemiology and End Results Registry (SEER) we sought to determine the individual prognostic value of baseline CEA and surgical resection of the primary tumor among patients with synchronous stage IV CRC treated in the era of biologic therapy. The prognostic role of baseline CEA among patients who undergo surgery of their primary in this cohort was also explored.
Patients and Methods

Patient Population
Data was derived from the National Cancer Institute's SEER 18 registry databases (released in April 2012). The registry covers approximately 26 % of the population of the United States [20] . Search criteria were restricted to patients with pathologically confirmed invasive synchronous stage IV CRC (AJCC 6th edition) who were diagnosed between 2004 and 2009. Patients with more than one primary were excluded. Variables relating to patient and tumor characteristics were extracted including surgery of the primary tumor and baseline CEA level. CEA was grouped as positive, normal (coded in SEER as Bnegative/normal^and Bborderline^categories) and unknown. SEER CEA groups are based on documented physicians' interpretation of a CEA level or on reference values provided by the test laboratory reporting the CEA level.
Statistical Analysis
Survival end points were computed using the Kaplan-Meier product limit method and compared across groups using the log rank statistic. CRC-specific-survival (CCS) was computed from the date of diagnosis to the date of death from CRC with patients either alive at the date of last follow-up or who had died of other causes being censored. Overall survival was computed from the date of diagnosis of CRC to the date of death from any cause or last follow-up with patients still alive at last follow up being censored. Cox proportional hazards model were then fitted to look at the association of each of the survival end points with both surgery of primary and baseline CEA level after adjusting for a number of patient and tumor characteristics. The variables included in these models were based on clinical significance regardless of univariate statistical significance. The models were adjusted for the18 SEER registries. The models were additionally repeated and stratified by CEA level (elevated and normal) to determine the prognostic significance of surgery of the primary tumor among the two groups. P-values were two-sided and a value of ≤0.05 was considered to be statistically significant. All analyses for this study were performed using SAS 9.1 (SAS Institute,Cary,NC). Table 2 summarizes the 2-year CSS and OS estimates. Median CCS was 15-month. Median CCS was 21-and 7-month among patients who did and did not have surgery of their primary (P<0.0001) (Fig. 1a) . Median CCS among patients with a normal versus elevated baseline CEA level was 24-and 14-month respectively (p<0.0001) (Fig. 1b) . Among patients who had surgery of their primary, median CCS was 30-and 20-month among those whose baseline CEA was normal and elevated respectively (p<0.0001) (Fig. 2 ). Among patients who had surgery of their primary as well as surgery of sites other than the primary, the median CCS was 37-month among those with a normal baseline CEA level and 24-month among those with an elevated baseline CEA level (p<0.0001). Five years CCS was 33 % (95 % CI 27-38 %) among patients who had undergone surgery of their primary and surgery of sites other than the primary who had a normal baseline CEA level. Table 3 summarizes the results of the multivariable cox models for the whole cohort. Patients with an elevated CEA had a 56 % increased risk of death from CRC compared to those with a non-elevated CEA (HR=1.56, 95%CI 1.47-1.65, p<0.0001). Similarly patients who underwent primary tumor surgery had a 38 % decreased risk of death from CRC compared to those who did not (HR=0.62, 95 % CI 0.54-0.69, p<0.0001).
Results
Patient and Tumor Characteristics
Multivariable models were run stratified by CEA levels (supplementary table) . Among patients with an elevated CEA those who underwent surgery of their primary tumor had a 37 % decreased risk of death from CRC compared to those who did not undergo surgery of their primary (HR= 0.63, 95%CI 0.55-0.72, p<0.0001). Among patients with a normal CEA those who had surgery of their primary had a 46 % decreased risk of death from CRC compared to those who did not undergo surgery of their primary (HR=0.54, 95 % CI 0.38-0.75, p=0.0003).
Discussion
In this large population based SEER analysis, we evaluated the prognostic role of baseline CEA and surgical resection of the primary tumor in patients with synchronous stage IV CRC who were diagnosed in an era where biological and modern chemotherapeutic regimens are available. A number of important findings are shown. First, surgery of the primary was associated with a significant impact on overall survival. Second, elevated baseline CEA was associated with worse prognostic outcome. Third, surgical resection of the primary was associated with a survival advantage among patients with either normal or elevated CEA levels with the best prognostic outcome observed among patients who had a normal baseline CEA level and had surgical resection of the primary. Fourth, other factors identified that were associated with a worse prognostic outcome included black race, higher grade of disease, colon as primary site of tumor and older age at diagnosis. The role of resection of the primary tumor among patients with synchronous stage IV CRC remains an area of controversy with no prospective randomized clinical trial addressing this question. The majority of studies that have been reported to address this issue have been retrospective in nature with data derived from single center experiences [21] . Although well documented that surgical resection of the primary tumor is recommended among symptomatic patients there is no published consensus among those patients with asymptomatic primary tumors and surgically unresectable stage IV disease. One argument for the upfront resection of the asymptomatic primary tumor is to avoid the possible need for emergent surgery documented to occur in up to 20 % of cases [22] [23] [24] .
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Median CCS among paƟents who had surgery was 21 months vs. 7 months among those who did not have surgery (p<0.0001).
KM survival curve illustrating colorectal specific survival stratified by surgery of the primary
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Median CCS among patients who had an elevated vs. normal baseline CEA level was 14months vs. 24 months respectively (p<0.0001) KM survival curve illustrating colorectal specific survival stratified by CEA level Poultsides and colleagues [25] recently reported on 233 patients with synchronous stage IV CRC who received first-line chemotherapy of oxaliplatin or irinotecan-based chemotherapy observing a 7 % reduction in surgical intervention rate needed to palliate primary tumor related events. McCahill and colleagues [26] reported a single arm phase II trial that enrolled 86 patients with colon cancer who had an intact asymptomatic primary tumor and synchronous nonresectable metastatic disease who received oxaliplatin-based chemotherapy with bevacizumab. After a median follow up of 20.7-month, the authors reported a 16.3 % overall rate of major morbidity (surgery or death) associated with the intact primary and a median overall survival of 19.9-month. Evidence from both studies support the notion that routine upfront palliative surgery of asymptomatic primary tumors was not necessary and that biologic agents such as bevacizumab could safely be used among patients with intact primary tumors without substantial risk of perforation. The question that now arises is whether resection of the asymptomatic primary has an impact on survival in a surgically unresectable patient. In a retrospective analysis of patients with stage IV CRC enrolled in the phase III CAIRO and CAIRO2 studies, Venderbosch and colleagues [27] reported a statistically significant improvement in the median overall survival of 5.3-and 7.3-month in each of the two studies respectively favoring the group that had undergone resection of the primary prior to randomization into the clinical trials. In a recent pooled analysis of 810 patients (with synchronous stage IV disease) evaluated in four first-line chemotherapy trials (FFCD 9601, FFCD 2000-05, ACCORD, ML16987) Faron and colleagues [28] reported that after adjustment for primary tumor location, CEA level, ALP level, WBC level, performance status and number of metastatic sites, resection of the primary was associated with a 37 % reduction in the risk of death compared to patients who did not undergo resection of the primary tumor (HR = 0.63, 95%CI 0.53-0.75, p<0.0001). The authors also noted that certain subgroups such as those with extremely elevated CEA or LDH did not appear to derive as much benefit which may be due to high degree of tumor burden. The results of these studies appear to provide additional support for the results of our present study where we demonstrate a 33 % decreased risk of death from CRC among patients who undergo resection of their primary tumor (HR = 0.61, 95%CI 0.54-0.69, p<0.0001) introducing the hypothesis that perhaps there is an additional role of survival benefit associated with primary tumor resection beyond palliative surgical intervention only to treat or abate symptoms.
Among patients who had surgery median CCS was 20 months among those with elevated CEA and 30 months among those with normal CEA (p<0.0001).
KM survival curve illustrating colorectal specific survival stratified by CEA among patients who had primary surgery Fig. 2 Colorectal Cancer Specific survival (CCS) among patients with stage IV denovo colorectal cancer stratified by CEA levels among patients who had surgery for primary The survival benefit of resection of low volume distant metastatic disease has been demonstrated in several studies with 5-year survival rates ranging from 30 to 50 % following hepatic resection and 25 to 35 % following resection of lung metastases [29] [30] [31] [32] [33] [34] [35] [36] . Evidence generated from retrospective and prospective studies have demonstrated a survival benefit from resection of the primary and low volume hepatic (or lung) metastases either upfront when the metastatic lesions are resectable or following neoadjuvant chemotherapy when the metastatic lesions are converted from unresectable to resectable [34] [35] [36] [37] [38] [39] [40] [41] [42] . In a recent retrospective study of a single institutional experience in Singapore, Chew and colleagues [42] reported 5-year CCS survival rates of 34.5 % when the primary and all metastatic lesions were resected compared to 3.3 % when only a palliative resection of the primary was performed (p<0.001). In our present study we observed a 5-year CCS survival of 23 % among patients who had undergone surgery of their primary and surgery of sites other than the primary. However due to the limitation of the SEER registry, whether all sites or just selected sites of metastatic disease were surgically resected or ablated in each patient is unknown.
Baseline CEA has been shown to be prognostic factor among patients with CRC [14] [15] [16] [17] . Using data derived from two prospective randomized trials from the National Surgical Adjuvant Breast and Bowel Project (NSABP), Wolmark and colleagues [16] showed that an elevated preoperative baseline CEA level may function as a poor prognostic factor that was independent of both stage and the number of positive lymph nodes within the surgical specimen. Using data from SEER, Thirunavukarasu and colleagues [17] demonstrated that among patients with colon cancer diagnosed in 2004 elevated pre-treatment CEA level was independently associated with a 60 % increased risk of death compared to patients with a normal pre-treatment CEA level. Hsu and colleagues [41] retrospectively looked at 422 patients with synchronous stage IV CRC identifying several factors that influenced survival including baseline CEA level and treatment of liver metastases. Our results provide additional support in that CEA level is an independent prognostic factor among patients with synchronous stage IV CRC. Interestingly we found that regardless of baseline CEA level, surgery of the primary tumor was associated with a decreased risk of death from CRC of 37 and 46 % among those with an elevated and normal CEA level respectively.
We acknowledge that our study has a number of important limitations that need to be taken into account when interpreting the results. Information on potential confounding variables such as associated co-morbid conditions, metastatic disease burden status, performance status and presence or absence of symptoms that can influence the decision to resect the primary are not recorded within the SEER database. Furthermore, we understand that each patient must be analyzed on a case by case basis for considering or deferring resection of the primary tumor given a multitude of factors including the possibility of delaying the use of systemic chemotherapy which may be of high priority in a patient with unresectable disease and a high degree of tumor burden. It may be that the survival advantage experienced secondary to surgical resection of the primary tumor is restricted to the group of patients with a better performance status and the least distant disease burden; factors which have been shown to influence survival outcome [41] . Furthermore with the use of the SEER registry, information on the type of chemotherapy was also unavailable. However the cohort studied were patients diagnosed between 2004 and 2009. It is assumed that most of these patients would have access to a modern chemotherapy regimen of irinotecan or oxaliplatin based therapy given their FDA approval in 2002. Furthermore both bevacizumab and cetuximab were approved by the FDA in February 2004 and we would assume that eligible candidates would have received some sort of biological therapy in addition to chemotherapy affording maximum survival advantage.
In conclusion, our study results supports the hypothesis that resection of the primary tumor among patients with synchronous stage IV CRC is associated with a potential survival advantage. Several questions still remain including the necessity of surgery, whether the survival advantage afforded by surgery adds to that afforded by state of the art chemotherapy and biological therapy, and whether surgery of the intact asymptomatic primary truly benefits all groups of patients or a specific subgroup. Perhaps one way of identifying a good prognostic group is by including baseline CEA level as a prognostic factor. Regardless it is interesting to note that even in the era of biological and advanced chemotherapeutic regimens more than half of patients who presented with synchronous stage IV CRC in this era underwent surgery of their primary. Currently, two ongoing clinical trials (CAIRO4 and SYNCHRONOUS TRIAL) are looking at the role of surgical resection of the asymptomatic primary. Until results of such trials become available the question of whether or not to surgically resect the primary tumor should be made on a case by case basis taking into account factors such as presence of associated symptoms and whether distant metastatic lesions can be resected.
